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ViUMfibiS Rate SigfiS i Transn-I ss^or^ Ifs « Spread Sp^^^: truss Ct-'ftii-^-ur, i edition 
Systen; Using L\u-et. Csdl-ng 

E^IRQEQUND. QF THRJNVENTION 
i. Field of the Invenuon 

The present invention relates to commusiication syxiems, iniimng spteui 
5 appan^iy; for common icati nr.' inn--!ri<vtu^i; in a bpfv^ad spectrun; avnmur'cshon >\ ^te;n 
IL Deseriptjon of the Melatecl Art 

Co5:p,i:nuti!eation systems have been devsjioped to: albw tmnsmission of 
inforniatjon signals trosti a source locadDn lo a, physically distinct user destmation:. 

10 Both aiTsilpg mm digital metliods liave been used to transmit such infonnatlon sign;sls 
0ver eominanicatiosi channels Hnkit^g the source at^d «ser locatlotis, Dlgi^tai methods 
tend to afford sovemi advarusf es raMve to analog techniques, sncltidiiig, for example, 
improved imnwnity to channel noise and interfej^ncg;, increased capacity, and Improved 
seourity of commupicstlori thrpiigii ilie use ofencrypllon,. 

15 In tfansmtttitii an inforn^atiop signal S'rotn a sontce loeiatiois over a 

eommunieation chanPel, the mformation signal is first converted into a form suitable 
for effjcient transmission over tiie chann^L Conversion, or modulation, of the 
infbrmatlo« mgnal Invokes varying a paranipcer of a carrier wave on the hasis of the 
itiformalion sigftal in sttcli a way that the spectrum of the resul ting modijlated csirkr 

20 is oon fined withifi fhe chanrtol bandwidth. At the tiser: location the on|iRal .message 
signal is feplicated ttom: a versioji of the modplatsd carrier received subsequom to 
propagatiors over the channel, Stsch replicatiott is gefierally achieved hy using an 
iRverse of rhe moduMoP: by the source pmsntiner, 

Moddaiion also laeilitates multiplexing, i.e., the .siinulterjeons transmission of 

25 Several signals over a common channel, Muitlplgxed comrnunisation tystenis will 
lenerally include a pi urahty of remote subscriber imlts requiring intermittent service of 
lolatively short diJMtion rather than continrious, accoss to the commttnication channeh 
Systents designed to etmble cdmmpnieation over brief periods of time with a set of 
snbseriber tmits have been termed nusitiple tec«ss eommunicatiori systems, . 



A isart&ukr type of multiple access commumcaiion system is kmmi as a sprmd 
spectrum syslsm, la spread spectruin s;ys5ef«s, the modulation technique tiOflzM msuks 
in a spreading of tie transmitted signal over a wide frec|ii8ncy band wi&in the 
comonmscation channel- One i:ype of muUlpte access spread speciruin system is ^ code 
5 division mnltiple aecess (CDMA) niodulation system. Other nnilifpie aecess 
e«i«miinicadon systsn^ iechHsqnes, such as rn^ie division iPuUipie access (TDM A), 
trequency division nwUIpie aecess (FDMA) and AM niodulaiion schemes such as 
ampliiode contpanded sumlc sideband are krsa^v■n m the art. However, ihe spread 
specfruni niodulaijon technique of CDMA Ms significani advan£a.ges over ihese 

I Q modulapo!:! techniques Ibr m u kip ie access comniusiication systems. The ijse of CDM A 
leebniques in a malnple access coninnmication system Ss disclosed in U,S, Pat, No, 
4,901307, issued Feb. !3, i99Ch eninkd "SPREAD SPECTRUM MUI.TIFL.E 
ACCESS COMMUNICATION SYSTEM USING SATELLtTE OK TERRESTRIAL, 
RBFEATBRSC assigned te. the asS5gna& of the preseni jnyenliop,, 

IS In the aisove-refcrenced U.S. Eat, No, 4,901,307, a ipuliiple aceess technlq:ue 

is disclosed where a large nomber of mobile telephone system users each havip| ,g. 
trarjsceiver eonimenicate throu|h sateUise repeaters or terrestrial base stadons ysiug 
CDMA spread spectrom commurilcatlOTt si|tals. In, aslng GDMA communicadons, the 
f^^qisency spectram can be retjsed miMtipie titJies tbns permitting an drcrease in system 

20 user capacity. The pse of CDMA results In a nioeh higher spectral eftkieney than caa 
be achieved pspg other mnltiple access techmqties. 

Ms>re particularly, eommnnieapon in a CDMA system between a pair of 
Meations is aehieved by spreading each transmitted signal over the channel bandwidth 
by using a unique user spreaditig code. Specific transtnitted signals are extracted from 

25 the corrsmunication channel by despreading the cpi^vposite signal energy In the 
eommnnicsiion channel with the user spresdinf code associated with the tra.nsmitted 
sifsaal to be exiracted. 

In particniar spread spectrum convmimlcnlion systems it has beefi desired to 
allow Various types of user channels leg., voice, fecsimile, or high-speed data) to 

36 operate at differer^t data rates. These systems have lypicaily been designed to have 
ebaanels operaEvP M a nomsttal data mie, arid also to have r«dnced data rate trafHe 
cbanpels E>r providing n^ore traffic data capacity, l-lowever, increasi»g. trafilc eapcitv 



3, 

fey usiBg nsdiiced data mie <;han«e1s lengthens fte tsme t^qulred for data traris.mission. 
Moreover, m certain spread speeirum eommuRlcaoon systems them is also a sieed lor 
jj^creased dara rate traffic cliaj^nels allowing for tesmission at data rates higher than 
the nomsjml fate, 

- <-'fder lo suppon da?.a iransn^issiori a« varishk; rau;^ ir has gerienulv beer; 

requsred to vary the rates of encoding, ifiterieayis^g aRsi niodularion in aceordanee wdh 
tfje mpul: data rsts, Thb rate variatioa has typkady reqijired relatsveSy sophisticated 
control of channel encoding and decoding processes, thef-ehy inoreasstig s^stesti com and 
oomplexity 

10 Accord ingly. It is an object of the invention to provide a spread spectnon 

eommuntcation systetii hi whieh cooriTHimcadon channels are ayaslabid for data 
l:mesmis:si0n at both higher and lower thars the ftominal. system rate. 

It Is yet aoother csbjeet of the present invent!0:n to provide sttoh a spread 
spectrnpi conitBunication system in which a common format ss tised for eocoding, 
15 Isterleavmg and modulating data, to l>e transmitted at various rates. 

It ss yet another oh|eol of the present inventi-ott to provide a CBMA spread 
spectrum eotninenieation system ahowmg tx3r increases In traf tic channel capaci ty in the 
ahseoce of corresponding redncdoos In daia rate. 



4. 

n5:m>uh\ of ;H[- i^ivk^'^^u^ 

5 pro'- ;dt'-\ an rr^5Jo\t,., '-.u't'^ r. tj' .0!^^ /irc^r^ji' .tMv rn auo's OsO = ^ o.u'^t 

(I] md quadrature pfese (Q) coiTinnssjcatioo chasrnels in a CDIVIA spread speciruin 
con if ! i li a f caXson v s tc-i a . 

le mi exemplary embodiaient, an i«put irifdrmauon signal is rraiisaiaffid over 
esther an I or Q comiiiymcasioii: chanriel iisini a direct sequence spread spectru:ai 

10 cDntmanicatioa signal. The hiformation sssnai: is initially divided i.jiio fim and second 
subsigjmls,, w'hkh are respectively provided tO: first and secood cosev-cncodlag networks, 
Tlrs Hot eoset-ancoding eonmines the tirst subsignal with a first coset code, while the 
second co:set->eacodin| network conibines the second s«l)sisrial wills a second cosct code 
Drthogonal to the first coset code. In this way the first and second coset-cocodiag 

IS networks are t^psrattve to produce first and second coset -encoded signals, respectively. 
A composite coset-encoded signal formed from the first and seeos^d coset-cncoded 
signals is ti^en modulated by an orthogoi^al ftinchon signal to provide a first modnlated 
signal V 

h5-phiu;e pseudorandom noise (l^Nii snd quadra-anv pha,se pseudtorandon-! rii.?ise 
20 (PNq) s?gi-!als of predetennined FN codes are escd for spreading the first modulated 
sigaas over either the I or Q cofnrvrunlcaLion ch<xrinei. respecri'- sly. Fur exasnple. the 
FNj signal n-say be corabirsed with the first modinated s';gaai to provsde an I-channel 
rnoduiaticjn sijrnal frsr transmission to a reaerver via the 1 conn^u;nicatioa channel. 



5 

in -he exenipijuy esnbodiJiierU the recesvef operative re? produce esiimaJe 
of ihe. inpxi^ ■nformaiion signal on ihe b^jsis of ihe snoduiiued carrier received 
over eUher the 1 or Q corr.munica'vior; channel. The received Signal is fir^t doinoduiaied 
using m«; orthogon?.! tnncfici-! sigririi. The dessKxiiiisied Signal h ihen drcorreluted ussnj' 
5 a desproaihii;? PN siiiiiaL wuVs ihe resisiianf. proiecdon olcsi^iis «e.;;:g provided ?o a pha.se 
rofaior. The plijs.se rofi^ior operates to p;-ov;de esSinrae of She c;Oiv,pos;Te 
coset-encodcd signal based on r^ie projcciior; signals aii.;.l s received pdo? sigi^al. 
l;:sn!na!.es of ihe Hrsl and ?.econi.i subslgruiis are iriiide by perfonning a hsrUK'? 
decorrelgiion based upDn the orthogonally of the llrst aiKi: sficond cosei codes, 

10 

BRIEF DESCRIPTION OF- TMB I >R-'\^^'INGS 
Addidon;;! obleiMS and feauirs;; of the invi-;r^tion wiii be '-isr-fe readllv ;u->0arent 
from the following deiasU-Ks <k-n;i.i~iphOi-i and appended Cias;?;'., when ^.?.ken in conjunchon 
with the drawisigs, m winch: 
15 FICL 1 shows a block «l;lag:rani of a converttlona! spread spectrum transmitter. 

EI:Q , 2. shows s block dmimm of s preferred emhodimenf of a spread spectrum 
tmmmitter disposed to transmit l-ehanriel aod Q~chaood infbrmadon signals. 

FIG. 3 .shows 8 blovk diagramniaiie represantatioit of m l<hamid coset 
eiic&ding j^etwork opemivo to encode Informadop signals in accordanee with the 
20 Invention, 

PIG. 4 !s a block diagrammatic represeniatlot^ of a rate lip coset encoder of a 
typ sptta&le for inclusion in the coset e«codijig network of FIO.> 3. 

FIG. 5 shows a block diagrarpmatic rgpresenlatioji of pair of i-channgl, and 
Q:-clmnnel coset encodiog networks ytillied in a preferred embodittmnt of the Invention 
.25 to ttmnssmt data at Ibtsr ymes a noniinal data rate, 

FIG, 6 shows a block: diagraninlatic reprosentatlon of a pair of I-chaB.nel and 
13-cl^annei, lU rate c©set ©ncodtag networks utiilaed la a preferred embodiiBent of the: 
invention to transroit data at eight times the. nominai rate. 

Flo, 7 shows .a block diagrammatic represamfen of a coset encoding rjetwork 
:30 iitllixed m a preferred embodiment to transmit data at a tme eqidvaleni lo one-half of 
the nomtpal rate, 

FIG, 8 shows a block.: diagrammatic refrosentaiion of a coset encotUng .petwork: 
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Minted In i, preferred embodiment lo immimi 4zu at a rate equivalent fo one-fbtsrih of 
the Rorninal rate, 

FIG< y dfpcts a pitol g^ntfmmn netwerk for providm§ :l md Q eliannel pdoi 

5 H<3v K) shows mi e?:emplary impiemeHta;t!0:Ei of an RF transiBiaer incorpomied 

within a preferred enibodiiTisatri of the invention, 

FIG: 12 is a block diagram of so e>veniplary drv^rsity receiver disposed to 
foceive the RF signal emrgy transnutted ov^er the I atjd Q commumcaiios? channels. 
FIG, IJ is a block diagram of a receiver finger inciucled widlin the divemiy 
10 receiver of FIG. 12 designed tc^ precess si|nal energy received over n seles?«d 
irsnsmission path, 

FIG, 14 provides a more detailed reprssentation of Ui& splecieci receiver fmaer 
diustrared in FIG, O,. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring ro FIG, L tiiere is shown, a sprejid spectryni transmitter such as is 
described in U.S., ?aKm No. 5J03,459, issued 1992, eniitied "SYSTEM AMD 
METIMD FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLIJi.AE 
TELEFHOME; SYSTEM", which Is assi|tted to the assignee of the present Inveoiicm, 

213 and -wbleh Is herein. nKOfporated hy relereoce, lo: the traasjiuaer of FIG , F data ishs 
1.00 eonsistit^g of, Tor example, voice converted to data by a vocoder, are supplied to 
an eoeoder .ICI2 where the bits are convolntloaal et5c«ded with code symFol repetition 
irt accordance with tiie Input dam rate. When the dats bit rate Is less tharr the bit 
pfocessing rate of the encoder 102, code symbol repetit?on dictafes: that encoder 102 

25 repeat the inprst data blts^ lOCi Id order to create a repetitive data stream at a bit rate 
which matches the operative rate of encoder 102, The encoded data. Is then provided 
to inlerleaver i04 wisere It Is convoitidonal itttefleaved. The Interleaved: symbol data 
is otitput ftt>nr Interleayer |04 at an exemplary rate of 19,2 ksps !0 an input of 
e?<:clttsive-:OR gate 106, 

30 Ifi. the system of FIG.,1 the fnterleeved. data symbols are scrambled to provide 

graaier secirrlty In transmissions: over the ehanael: Serambilng of the voicc: ebantiel 
signals may be .aecsmpHshed by pseisdonoise (PN) coding the intefleavecl data with a 



PN code specific lo an uuended ?-ecipient subscriber unit. Sisch PN scrasnblirig m&y be 
prcsvided by ihe PN ger.er.uor 108 uxh^g a iouabie FN ssqutsn^e or esicryphori vlteme. 
The PN generator =08 v. HI Jspicjdis irsckula u long PN gcj-erator tor producing a i.iruquc 
PN code at a fixed PN cinp rai« of i ,2:88 MHz. Tim PN code is ihen passed fhrougi's 
S a decimaiO!-, vvidi fuc re.siHUr.g i9 kilr-.sy!,nx'! per secor\d iksp;^} sc:MO'hbriy ^ecoence 
being siipplied tu the other input ofexchi.voe-OP i06 in uvcordance xurh subscriber urm 
idenrificritioo iriformation provided Uieretci. The ouipe-i ct c\ciiiS!ve-OR lOo is then 
prv■^■ilU"'d to one irspui of exciu.s;se-OP i 10. 

Aga-ii! reteiTing ta FIG. L ineotiier inpni of cxclu^ive-Ok gaie 1 lu iscorinecied 

II) ?u a Wahh wa^eiorin venerator 1 12 \>\'abii generator 1 .12 gcsverrdei a Wal$h a^eforiii 
assigned lo me da^a ehanrcl over u-hicii inlbrnKUiOi'! beuui iransmiued The WaNh 
waveform provided by generator 112 is sfPecred tVoni a .nc? of ^-^a WaLN.n v.a'.eforiii^, 
each having a lerigtri uf length 64 Wai?;h chips The r>4 orthi.?L'oaa! vvaveforin.^ 
correspoiid lo enine.s widdrs a 64 hy 64 H^dairard maifi.^ wherein a particular WaL^ib. 

15 wavctorm i«< dcHned by a or coh.nnn of the iVialnx. Tfic scraiT-bled 5y.nibol rbta 
and Wahsh wavetorn-s are exdusive-OR'ed by excui^ivc-OK gate HO with the .restpi 
Pi'Dvidfcd as ;ui input lo both of tise ;->,cbnave-*>l< gares i i-^'- aiui i h6 

Exciu.Sive-OR gate .1 ia iPsu reee;ve> a P.N. siiniaP v/hiie liie orher inp>-,;; o'' 
exciasive-OR g;m.; ri6 receives a PN., s^pnai. The PN,- a;;d i"*.N,, sigiiala aie 
p.seisrIorafidom noise sequences lypictihy corresponding to a ■sanicuiar area, i.t^., ccil, 
covered by the CDMA systetr; and relate resnecr;v'ely to in -phase fi) and ouadratnre 
phaxc (Q) coiVinuinic^tiOi-! channehs. The PN, a.-^d PN\; signais a,i-e respectively 
excitrsive-ORT'd wnh the ouimn of exciissive-OR gate I \ v k> as \o Uirther .-spread tise 
user data prior to transsTsission, The resulting i-chanriei code spread .scrpience 12.^ and 

25 Q-ciaii-iiici code sp.read seqaeticc 126 are lised to bi -phase niCdniate a qi;ailrati.irc pajr 
of sini)K>kis, The inodtdalcd s,ii5u.soids are staaiiTKxi basuipass Hitered. shifted h> an RF 
freoiteney. and again filtered and a;-nplitted prior to being radiated via ar; arn.erina to 
complete transsiiission over ri-e coti-smtinication chan-'sel. 

Converitiorial tcchiViOiset; for accomanidating vanebie data rates within the 

30 transrmsssrjn siystem of F-Kl 1 have genetaiiy rec^iired utiitzatton of a controller fc>r 
var)'3ng theopemting rates of the encoder lOZ, interleaver 104 and Walsh genetattK 1 1" 
in aci'orda.nce xv,ith the tnpt.it d&ta ra,te. .^s is described hereinaPer, the present 
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thveotion enables spread specinsm traBsmissbsi of an mfermatioii sigMl ai 'higher than 
the ROJijisal rale,^ csr of trarssoHssion of a plisrality of information signals at lower than 
ihe Bomioal rste, using cosi^mon eoaoding, ifiterkaving and nfodylation mles,, 

FIG,: 2 stows a block dm|:ram of a isrelerred embodimeni of a spread spectrum 
5 &ansmitier 150 of the hwention disposed to tmnsmit aft input inforrnarion Sfgnal Sjj^ of 
data rale kR., where k is an iftieger consiant and Eh denotes a noiBlnai transsBiifer data 
(Le., bit) rate. As emplo)?ed herein tl^e nominal data rate R.,,: Is deflated as bemg 
ec^nivaieat to the pmduct of the FN chip rate and the convoiutional encoding code rate, 
djvsded 1)V the number of Walsh chips per symbol of the Waisii waveforni, la an 

1.0 exemplary embodiment a hommat transnidier d.a?a rate of 9,6 kbps is set by yblixing 
a set of modulabori parameters isvwhich the PN chip rate Is selected to be 1.2288 MHz. 
the CDnvolihbnal code rate Is a rate 1/2 cods, and the Walsh wavefore^ symbol lenith 
Is set at €4., It is a feature of the present invenbon that the traiismitter 150 may be 
ernployed to transmit information sifnals having data rates greater than, or equal to the 

15 nominal mte without adjustment of the values of the fc>regolhg modtilation parameters. 
As is described hercmafiet:,, the present mvention also provides a lechaique for 
transmitting a phsrality of lnh>rmatlon sigftals of data rates lower than the norninal ra» 
without requiring corresponding modiiiation parasrseter adjnstment., 

In partienlar applicabons the inpnt inforn-iation bit seqtfenee Stsv: may consist of,. 

20 for ojtample, voieo convorted to a stream of data bits by a vocoder. As Is Indkated by 
FIO., 2, the input data stream is supplied to an encoding and interleaviog net:work 160, 
The :netwarlc 160 eonvolubonal •encodes the information bit seqtjenee Sj^^. with thg: 
oBCoded data then being interleaved and output from the network 160 as an encoded, and 
lnterlea:Vod sytitbol stream Sjyjj., Asstimljt| rate 1/2 convolutional encoding , the. symbDl 

2-5 stream Sij^j Is supplied lo a dettiultiple^er 170 at a symbol rnte of 2.kE,,, 1"be 
denniltiplexer 170 transforms the symboi stream -Sij^j-r Into a set of k symboi substreams 
:|ACi), k(2), Afl<)| each at a rate of 2%, by rputing suecessive symbols Sjf^y., to 
stitjcessive ones of the subsp-eams |A(I)<, A(2;K Afk)|, The first ki2 symbol 
substreams are provided to an l~ch.annel eoset-eneoding network IBO., while the 

30 rem.aming UIl symbol substreams are provided to a Q-channel com-eacoding network 
.190., As Is described hereittaftei-:. In ejeetpplaty implementaitons of the ooset-enooding: 
ae^rks ,lS0 :and 1,9D the symbol sabstroams am enooddd using orthogonal .sets of oosel 
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codes of iengtit p„ wftere p ^ k/2. The coset-encoded symbol, substreaffls withrn the 
peiworks l$Q aad 190 are thai suiTimed: into I-cliaiineiand Q-channel coffiposife syn-jbol 
stiearas I, arsd Q,, mspecilveiy. AlfliQagh Ibr C0aipleieness boifi a^i l-chasinel asd a 
Q-ch»nriel ooset-«ncodmg Hetworic are depicted m FIG . 2, m particular tmpkn«fitet3<sns 
5 it may be desired m psrtkton, the symbol streatti info osly k/2 .sysnbol subsireams 
for transtnission over either the l-cliannei or the Q-cliTOriel, 

Eelbrritig agairt lo FIG, 2, a pair of Idendeal Walsh wav^jforms are prowosd to 
l-ehannel ajtd Q-ohaonel mod«1allofi md sptea^itng networks 200 and^ 20S by a Walsh 
waveferm generator 210. Tiie. Walsh wavetorms are used wiibk the networks 200 arid 

10 20S to modidate the l-<lm«t)el ,a«4 Q<liannel «ompostte syn:>bo! streams I, and Q,, In 
addition, FN spreariii-sg si|?iais are also respeclively provided to rhe modulation and 
sprMding networks 290 and 205 by PNs and PN,> seqaesee generasors 235 and 220. 
The PN; set|iience is iised to spread the composite symbo! stream mio ars l- ehannei 
oode spread ses|uestee S^. Similarly, the PN^^ seqyence ss uliSized by the network 205 

15 to spTiead the eontposile symbol stresnt Q, into a Q-channel code spread seqtienoe S^,, 
The resoitaiit I-cltaritiel arid Q-diannel code spread sequences and ai^e tts^ to 
iji-plia,se rnodalate a qtsadratnre pair of ssrsusoids generated within an KF transmii&r 
225., The modulated sinitsoids will generaliy be summed, bandpass fs Uered, shifted to 
an EF freqiieocy, aad amplined pder to being radiated vis. an antenna over I arsd Q 

20 vonuBunieatJon channels. 

FIG. 3 shows a block diagraniTna;:c represeDt^rdon of the I-ehannet coset 
encoding network lEO. u being understood biat tb^e Q-channel eosei encoding network 
may be realized irt a snbstantialiy ideritical manner. Tise encoding nef*ork ISO includes 
a plurality of coset enec>ders 251^ m %\h\ci\ are supplied the k.2 sy-n.bol suhN;trea,iris from 

25 fne densuhiplexer 170. 7 he encoders 250 is re operative to generate k.'2 sequences la- 1 
a{2), a{k./2)} in \vh5ch 
a(l) - A(I)1.©]S, 
af2) - AC2)1©|S,, 
: a(k;2)- A{k/2Ma;|S,,, 

30 mm Sj , . . Ssc^ fwm a set of k/2 otthoganal cosei codes of length p, ajrt^l where: 
the opexmtion |©1 is deflried as Mows, Let .A - faj < , a,) be a seqnenec of lengdt 
V* and. letB « Cbj,b3,.,,,bs^, be.a seqt)eneeof lerjgth **r , ten A |ffi| E denotes the 



W0 9Wlt^38 
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sequence (gi@bj, aj#bs,, a^^bs,), %v:here ® denotes the 

excfosive-OR ppemlioa. In ieneraliog tfee seqissnces {aCI), a{2), :a|k/2}| each 
symbol within the symbol subMreams | A(l), AC2), Afk:)| is mpeated '^p*' times, with 
tliis; "p*" .repeated symbol bemg exciusivg-Ot'ed with tbe coefficient of the 
5 Odrresponbmg caset code. This opemiosi Ims been eharacieriied by iiiose skslled in the 
art as encoditt| ushig a "rate Up repetition coset code", 

FiG- 4 is a block diagnmimeiic represenLation of a rate l/p cosei encoder 3f}0 
disposed to use a coset code C to encode an inpui syteboi stream into an oufpei 
eoset-encoded symbol streaoi R,,«„, where C € {c^. c,, ej. Tee cosct opcode r 

10 iedudes a demuUiplgxer 305 for providini eee!^ symhoi r, included wi^bifj the symbol 
Streato to a set of p eKcioslve-(?R, gares 3K). Each of she sytebols f; is- 
exclusive-OE'ed; with one of the eoset code coeffieietits e,. wtih the resub being 
sirpplied to s pti loubspleeer 31S-> The multiplexer 315 then pradeees the 
dosct-encoded symbol stream w&ye R,,,^,, € frj#Ct, r;@c,, fiSCj,, rjScj, 

15 r^Se^, .,/rjSc^:, r^Scj,,,.}., More generally, fee eacti syinbof e the me |/p coset 
eecoder prodeegs s seqitef?ce, 

(r;@es.o®C:0->-<rs^%)==^n[©|C 

Referring again to FIG. 3,, in the preferred et^ibodimeni the subsircmes iA(l), 
AC2)„ A(k)| and the coset codes S^,, S,, , S^,^, grs composed of tbe logical: values 
20 0 aiid L .a$ ere the seqeetiCes |a{l>, aC2}, a{l(/2)| generated by the eosiet et^coders 
250:. The .seqyences |a(l), a(2), ,,ea(k/2>| ere coneertsd m an integer. i>e,, +1, 
f^presesTtation by a set of bieafy-ta-iotef er coeeerstD:n eiretilts 260 m fbllows: 

I A 

25 As shown in FIG, 3. the seqeence I, Is then created by combinieg. die ontpnis from tbe 
eonvcrsion eitctriis 260 within a digltai adder 270;. 

r pb<.Ke'"\'r's ^ ippon '?^-^H<xr ^'^at^ V\ 
1 4.\..N^\0h. R.v.e 

30 Hcs shou^ j bh)C\ csaprarniatic rer''cscTC.tK5M a o.^- el" ^i.fio'-iic^ a. 

s> .b^^nrscl c<»^et c^cod^rj:- neo,^^t--ks 3^0 <=^k1 j^oe tei <rcc m ? int^K, i.d esnboen -eet or 
^he ir\c^vm to tra'^'-.riU c;^u at u^v emo^ :ne f\»r trd ?ati_ n nart ei -.-^ a r.. ? I '2 
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or KHjr i-ubst'oasr-.N sAiT'- A(^i^ wu.'w AU i ; \ A,-, " ~ 

I A,;. Av , J, ' p^,^ A,> ,^!iC A(4v _ ^' \^ , '\,,, ; I'i the 

t5^^^^ X. r -i^v Sf^^i <,! i ^ntn^ -! o'" . - o> .-is.,,— "ot - '■!--iCx ' 

jKVFufwi raic 'Vs jrid , t\v M.bs^rc, r ^ Ai^) an. dr. 

R\S;V0i«\5.,x ;uoxKA\-5 ?e '^tc I :: cov. (uc-crs 3\> ^^'r r.h-r me ' . ,,vv^ 

10 IT vo^c-' cnc-x;^! . ^<7-" ,^n: 57" vn u 0 on;/;-e] .cs. ; tr. j<lr^;' n-r.v<\^ -^tv Fc? 

Jhe oViT'xV, ^cb^?fe x is- ,sn>,' A' v. biic ;re . o ,H >^ ?1\ h ^ !p->h.t'd lo tiit.' co^er 
encode^. ^"7. ..no y"' *V v^>.'cU:,Si,' iv \^<'] MJ>i^r., sr ~, A* >jno Ai--;-- i e5V--'dcd 
si5b?rn\riv, jVo;r ine I J,diu.' '(^.ct ox-nacT.s ' u ) < arc uar.snjf i c*' srro 

co-rihsr.cc ^x;tbKs dsgjt'. ^ooc ^^■S irto ;hc ^c<r >.t{ .i-n-e I , hs -ike mannc^' >ht 

r>n!\i' by ino : n.-i'-v io i\:t:^.:^. i^i^wf-w.^ p-\\>^'-' ^-^^ a\. ..-^e ^hoo .tj*;t,u v,n^'^ir 

-^'^ Mis- -^Kv V!^^5v<.^ i^rffcr'^cx ;!-!-^nljircntitic>^.; ^'!^- ;-cbar -x,; .v d CK^-^nnos 

a TH^il^ipbcr 4>)«' io. nnJup'v^^^.. ih*> >;ef^\fvcos , .vtc Q , bv a furci^^-sr \\ 

A rbs\ soQucnec ?^ xjro\u> J -o-* j ir.xd^^pjof ^-b'^'v o:)e'i.r'vc v^umj- Use <;tvjf5,cc 
30 ivAo thii i-vTwvand coce sprirad sequence ^ :'!odu.ce '^v tie I v.\an;K'. r.i'Jv.or^ 20o 

a Qvii^innd code spuvxt; -.^luciiro i>iociu<,cd ibc sss^b^von. 305 I'-se tx^Nirtam 
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l-clvsTmel, ai^tl Q-cfeanR€l code spreati: s^quefices S^,^ a^d Sj^^ are used lo bi-phase 
modslste a quadratum pair of smuSoMs leneralesd within an RF transstiitter (pel 
Shawn). 

FIG, 6 shows a block diagran-smaut rgpresejuauon of l-channd and Q-cliaanel 
1/4 TBis cosei encodsfii artworks 450 and 460 utilized in & preferred embodlnient ouhe 
iaventioft to transmit data a?: eight i>mes the nominal raisx'. An mpiii bsi sequence at 
10 eight times the nemina! nue is tate i/2 encoded and snterseaved into a syntboi streani 
at sixteen times (e.g., 153.6 ksps) the nonbnal rmt^s (&..§., 9;6 kbps) is denHihiplexed 
by sequendaHy assi|fvhig sviTibols ooe of eight substreams A|s)d— 1 8< where 

As Is mdicaled by FiCi, S. the substreams AC i )-A(4) are respecdvely provided 
IS to Pehaanel mte 1/4 c&set encodet^i 470, 472,, 474 and 478 wlihm the ^ehannei cosei 
encodbg aetwork 450, while sybstreams A(5)~A,(8) are T$spectiv«ly routed 10 Q-cbantjei 
tms 1/4 coset eneoders 480, 482, 484 and 488 svithin the Q-chaririel coset encoding 
j^etwork 460, A rate, 1/4 coset code Sj is used by the enecsders 470 and 480 to eneode 
the symbol substreams A,(l) and A(5),, a cosei code Sj is used % the encoders 472 and 
20 :4S2 to etjcode the syn>bo! sobstreams A(2) and ACS), a coset eode .S,: i,8 used by the 
encoders 474 and 484 to eticode die syn*0) subsireanis A(3) and Aifi}, while tits coset 
code Stj is used by the encoders 478 aad 488 to encode the symbol snbSLteams A(4) and 
A{8),, The coset codes tbrough S.^: are defiaad as fofiQws: 
-Si-*(s,;,s,3,s<,,SiJ-^(0-,O,O,OK 
25 S3~^(s,s,S3:;,s,^,%) -(Ch i .0, \ 

«==(sm,%-%.&;«T*-|0,0, I , I md 

S4«=i%,S,K,S,^,A4.J ====(0 J J vO),, 

In this way die eight coset encoders operate 10 produce a set of eight encoded sythboi 
streatns a(i), wbere i^-1, ai a rale 76.8 ksps) equivalent to eight times the 
30 nominal rate. The encoded symbol streams a(i) are. prodticed in accordar?ce with the 
Mlowing expression: 
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^©ISI^^ ^^^^^ 

In oKler fo simpMlj? jiotation wkboiit loss of ge5ieralk|. It wUI be assuined heredriafter 
fci each subitmam A(i) is composed of a single symbol A, rarher than: the sequence A;,, 
where ibt umscrip y mprm&m ima. For exampk, iBing iliis nomiion to define a(i} 
yields, 

5 a(S>===A,f^]S.^^|A.6J 0, A# 1. A# I, A,® 0} 

The sequesKes 8; are then coin^erted: by binary -to -integer 

converters 49(110 a set of real sequences r(i),, B, given by 

%vhere aij«sAiS^, and whe?« denotes the j'^ synibol incloded wlthb fee P cosat code 
10 Sj, The sequetices rfs), i ,4, are eombrned within digital adder 494 into fee real 
sequence l^j. In like mansier the real seqnences :r<i,5, i s=?5. . . .J, are added within digital 
adder 498 to form the rea! sequence Q,,,, deferring to FIG. 6, multipliers 502 and 504 
ars provided for ?3i«1dp1yiRg the seqnences L., arid Q,,^^ hy n W'alsli function W provided, 
by the Waisfi goiierator 506, where in an ^^seraplary Iniplenrentadon 
15 W-*(Ws;Wj,..,,:W.,,,,W,,,,.,,,W^a- in this way the Walsh funobot^s WO, W% 
are effeaivdy assigned to the symbol Mbstreams ACi), i-l, 4, at)d to A(i), iasJ:, 
8, respectfvely, where W% W% W are defined as; 

20 W^«-(W:^, - W,, -W^t md 

The secinences W,> W,,, W,, may be deuned In terms of the Walsb waveform W lis; 

A Fl^i sequence is provided to a mnldplier SlO operabve to sprearl the seqireaee 
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1^. , irsk~i an l-channel code spre?id seqi;e?KC S>,. S\m\mi}\ & PNy sequence ;a used bv 
multiplier in <;prsmin^. the r&'il seqisence * it-.to a <>-channe; code spread 
sequence $,.,^,. The resoUaru i-channel and Q chafsnei cf)de spresd sequences . and 
Sy..^- are used lo bi -ph;.ise rnodulare ;i quridrature pa^r of sinusoids jjeneratfcd svitrun a;; 
5 KF tran^sTiiu.er inoi shown). 

Referring lo FICI a parr of Input data, sireanis: A,,,,,;,;, and B^^s/rare supplied 

10 at a data rate equiyalefn to one-haif of the noorinal rate to erieoding mid infefleay^no 
networks 55D and ,354, The networks 550 and 554 convoiutional encode the sgnais 
A«cs)s/j and Bjs^^si^j into encoded and mterfeaved synshoi streams A, ,(1) and A-i/-j{2), wtiere 
As^jO) * (Ah, a, 3, ,,4, and A;,,2{2) = |Ajj, A;;;,, Asstmting rme l/S 

cot^vplistif>nal encoding, the resaltsjit: interkaved symbol s^fsams Ai,^{l) and As;j(2) are 

IS iiipplled at fee itommal rat© to cosel encoders 55^ and 560. The eoset code S|, wljsre 
S5 - (0,0), is used by the erscoder 558 to rate 1/2 repetttten encode the symbol 
siibstream Ajvjt 1 ) n«o an encoded substream aj,jCi). In sirailar manner the coset code 
Sj, whore Sj — (0,1), is supplsed to the coset encoder 560 for rate HI repstkion 
encoding of the sydbol siibstream Ai.^CS) tnLo aa eaeoded substream d.^^). The 

20 encoded snbstreams ^uiO)- «^nd as;>.(2) are defined as; 

- A,«(l) |CB| S, - 0, A,#{}, and 

a,,,(2) - A,.(2:) I®] S, |Aj^ 0. A,i« I, ,.4. 
The ericoded substrean^s are obtppt from fee coset encoders S58 and 560 at twiee the 
nontatial, tm and are transfbrmed feto an loieger foraia^ {±1} by a pair of 

25 bintry-to-intsger conversion networlcs 510. The resuldni real septienees r;( 1 ) and r,(2) 
are combined wlihin digiral adder 575 irito the real seqtsenee 1.5,3 subsec^uetil 
trarssmisslon to a f ' recet.ver area. The real seqaence ^ is provided to a miiltiplier 
.580 K>r mbibp^lcatio« by a Walsli mnction W provided by a Walsh generator 590, 
wtee In an ejicernplary ifflpletneotation W-(W5,W:3,,,..,W3j,Wi3,.„,>^j), This t^sults 

30 in assignrtjeM of the Walsh fynedon (W, W) to the sytnbol stream Ai;*(l), m)d 
assignmeru of the Walsh funcbon W* to symbol stream Aj^jfl), where W* ^ (W., -W), 
:|^ollOwifig sr!.ultlplieatiofi fev the Walsh fupeiisn W, the seqifence E,.;^ ^'^^^ generally be 



15 

Spread by & pseudoTaTSdorn PN; or PN,-, sequence for BF ?r;\r)s;niissKv:^. over eUlier a 
cofresiK>ndino in-pha&e il) or quaunuure pn;$<ie (Q) corriOVuinication channel. 

5 ReferFing lo FIG. a set four ijipM dMa streams A.,,,,,^, B^^^^^i G„^,„;^ and D«„,j 

ioppBed a data me eqidvalent to one-fourlli of the iKJOihml rate to eoGodfng as^d 
isitsrieaving neiwotts 60i, 602, 603 and 604. The mwofks 51)1-604 convoludooal 
encode the data streams A,,„,,;^, B^^,,,^, C„„,,.a and D^,,^,.^ into encoded and jnterleaved 
symbol streams Ai/^jU), A;.;42)\ Aj;4(3j and A,;^,(4}. where 

Aj;sC2] ~ |A:.j, A;.,, 

Aif^O) » |A;(iv A.52, and 

Assnpiing rate 1/2 convoly|jo5^al encodiog. the residtani ihterleaved symbol streams 
15 Aii4X}-, A:si«(2), Ajy^O) and. Asj^C^) aj^e sappli^d. at one-half of the fiosniuat safe 10 cosel: 
eticoders 61 L 61:2,613 aad 614„ Thecosercodes |{tX)00), (OlOl), COOll), tO||0)|att;: 
respealvdy ttsed by the oo:sei etJooders 61 1-614 to encode the symbol streams Ai^il ), 
A,5-42X AsM0) and A) -{4) itjto the encoded substreams a,.,!!):, as-C3), and 

^uM)^ The ::siib streams as, ^( I), ai;4C2), a^.^O), and a,>,t4) may be represetued as; 
20 a^^^il) |Aji@ 0, Ais® 0, Aij©0, ^,,© 0, 

a,,42) ^ lAjiS 0, A,-© L: A.^ 0, L, .. . K 

0^.0} - iA,0 0, A,,aO, Aj^a I. t and 
%mC4) - fA«© 0, A,,© 1. A^j© I, u. ..4< 
The encoded stibstreams are otitprst ftom, the eoset eoecders 611-614 al twice the 
25 ftoitimal rate mM are transxdrffiM b«o an Integer format (i-U by binary-to-integer 
eon version networks 620. A set of resolting ml rj (i) , i - I to 4, ser|uences lor 
transmission 10 a J* reeelver are combined wltbhi digital adder S7S into the real 
sequence Ej^ij , The real sequence Rj;;i h provided to a multiplier 624 for mulbplication 
by a Walsh function associated witb the j* receiver. The sequence W, is prDvided 
30 by a Wal.sfe pnerator 630, and fe defined as Wi-CWj, .W,,,. W.^.^ . ,Wi^). Tills 
resolts in assign meat of the Walsh Actions W"< to the symbol streat«s 

AjMCi), A5mC2), A;f^(3) apd A,^a(4), whcp; W-', W>, Avrare given by; 



W'-'a^lWj, Wj^ ^'js: 



W^-CW|, -W,, -W,, W^). 



S It is thus apparent ihai four distinct Information ssgnaN. respectively Mesufied by the 
Walsh wavefbnm W*^ W*. W\ . W^, are capable of being traastnifted to tbe j"^ receiver 
through utiiixatioii of a sis^gle Walsh wawfQni:5 W- iri comuciclion with t.he 
ease^en€odi^g technique contemplated by the inventio:n : Siibsequcrvr io being fiiultiplied 
by tl^e Walsh funetjon W'^. the seouence R : will cyptcally be spreas! by a pseudorandom 
10 FN,; Qt PN,j sequence for RF rransjinssion over either a vorrespondsng in-phase (I) or 
qaadralsre phase (Q) communication charmgl 

Assnniing tnmsniisslon over the I ehannei to tl^e j"' user, the traiismitted 
sequence synthesized fropi the seqnences t)(i) may be represented as 



15 where 4 in the esanipk of FIG. S, If transmission were Instead to occur over tbe 
t^ channei, the iransmiued. seqnence would be represented as; 



Exemplary sets of parameters esed in stspporbng transmission tsf input symbol 
streams at various da& rates (R^ are summarized below in Table 1. For each data rate. 
20 Table I provides a corresponding inpot syntbol repetitiofj rate, repetition cr>set code 
rate, as well as Walsh wa\elbrpr length aad chip rate. Each entry (X~¥) withiti the 
"Pemux" ooiumn specifies the number of input symbol streams (X) at the associated 
data rale E^, and the nusriber of symbol sobstrean'vs {Y| into which tiie Input symbol 
streamis) are demultiplexed for coset-eneodlng. 



p ' 




Table I 
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R;ue l/p 


1/Q 






Walsh 


Walsl-! 


fkbs] 


input. 


Channel 




Co.set C^ode 


Length 


Code 




Synibol 






Repeiition 




Rate 




Repediion 










CMcpsj 


9 A 


.1 


1 or Q 


l-l 


1 


64 


1 22 


4. 8 


1/2 


.1: or 0 


3-2 


.1/2 


64 


L228S 


2.4 


1/4 


1 or Q 


4-4 


1/4 


64 


1.2288 


L2 


1/8 


1 or Q 


g--8 


1/8 


64 


I.22S8 


19.2 


1 


I and Q 


1^2 


I 


(S4 


1,2288 


38<:4 


1 


I and Q 


1-4 


1/2 


64 


1.2218 


76.8 


1, 


,1 and Q 


l-S 


1/4 


64 


L22Sg 




1 

■ 


1 r>r n 


I - i 


-( 


} ■■'?5 
i i- O 






.4, :' jC- 




'■?„■■> 




.5 <io 


4~A^ >' 


4<8 


1/4 


1 Of Q 


4-4 


1/4 


128 


2.457 


2.4 


1/8 


1 or Q 


8-8 


1/8 


118 


2,4.57 


1.2 


1/16 


I or 0 


16-16 


1716 


128 


2-457 


38,4 


1 


1 and Q 


1^2 


I 


128 


2.457 


76.8 


1 


.1 a«d Q 


l->4 


-1/2 


128 


2.,4|7 


153.6 




I and Q 


I ■■8 


1/4 


128 


2.457 


1H 4 


1 


i or Q 


l-I 


-i 




a Q 


1 Q '1 


1/2 


1 or Q 


■^.•■^ 










1/4 I or 0 
s - 


^■'■^ 








4>8 


im 


I or Q 




i/8 


256 


4J 


2.4 


1/16 


1 or Q 


16-16 


1/26 


255 


4.9 


IJ 


1/32 


1 or Q 


32-32 


1/32. 


256 


4.9 


MA 


1 


i aiKt Q 


1-2. 




256 


4J 


76 J 




I an d Q 


.1-4 


1/2 


256 


43 


153,6 


.1 


1. and Q 


1-S 


1/4 


256 


4j 
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irar^n tmch <'Cr;c ( O'-r-fnt'O'tk'^- Dc^i-y Ovs^ r I ij >,\,<^n'ifjtj 

Ii! rht p;t;tc;i''ui e:nbtH«'nt;uts nfot Jiasiro) a^Ka^n^ni^ r/^ daia nstx^^ Litton ;\ 

as\-erUar!<v ^njT^ t's/ ^hc set oi a^nnv; uu.iutif c! .uu e < p;.>\a he e;.!,*-' 

w'C] he ;.ei. a vurejc egua' i-ssvc^er, UiJ v. *l~ao issr^; v- i.t'ja.aie sei 
ot „'e'UT,Oo^N io' I a oi )^v'i>.\> a fe..Mv ^ n . a cniCiesn a5\->i..eeh ui 

tlii.N :oci.'iJi|ec mu! >\.: -\.uixCf ana r-^q' es.fpj \ \c<a'J lac nKve pa^a sr- le 
af.J J\nex k> tnc- .a\sr' \l fa^^i r!>>"^.o*-^ tae ^tu-s-j*^ a ^T'e!.N*!on 

''iw^'-'d r^iv p!U^- sev, ;e!\a i rre:Vra iiy ;<>n!i taan'ja t;\u ;a:x\v 

IS runihc or p^loi N;*;nah t"- l^ie Wi>te=Tj Ir aJJitK''!, ire -;rora:t*>n oi sh;:i^ ai^.v. bt- 
^it\\> enough !o en\au that ihefO no ^nieTJCjer.c;^ ^^ ^ar psbv^ sig Hciee. r? 
es^e-^ipltry o;rhoca;nert fha 'a\o; \ee.at;'!<„e k";^a* i;-! („hsssea he \^n;e^ aM<,iv\i for 
5 ;2 Cvtu p.^'^i s;<:raKN <.v'ti^ v'rse^N -a zk^-^w sf-.a et i ^ cr- pN 

Kc5e.ra;' >>s i U3 a ;aUx jjereraf'or. :ies\'.u5\ r-^O a-i.hCvi a \^<t. e\ t;ak>! 

20 ^-'-'J To: p'wia!-^' ne Wa.Sn ^r^a'o" Vv' vvavctorm co-n^'s'anF xilt /^j'oe^ i<> jjgitj' 
^^alb5p^xer^; (^Sj raul t)4o fhr \W<iW. v<..^eck>rri> v,^, ?, r, ihrah>i.^5 In '.he ana PN^ 
^equn pjoviJrJ by rx> aiu: PR, fefii,'rat(cs 64"' 64^ to the iruiupaer^. 644 an J 

o( laa re^^5!t:iat Nequsa-.e'!. uenersis oa!\ apor lac PNj d.nc Vh^^ y^iiKu.Lir.-' 
23 so^quc'av.es aiivKcoil !i;siiuput'rs i- i4 ^4^ d'f 'aru\3u\J a^ 'np-ai^ to j-srac baipu^se 
He\p>v-,s^ hers CHK'* fi\\-\ ^ils asu* o5'J; bt-rd: ^ee.s^-ixes etapui luri^ FIR 

f3bcr« 5>>'* ai\. 'ccraa.veh, . errs. spoa .hag 'e i e'.a!".r a»0 {^>-~bar5"a, r'KM 

^veacajaeN l\, aral T*^.,, a>e ".s ppbed *o Rh trans -^aner (XiO Ks), 

Reterr.nji tc MO Id. Uh^tc sh^jwa ar exefrifla") unpUanee^ainoi^ of ;he Kb 
Ml iraa&mUte^ b^>), franrmbVii b60 laJt;'. as I cna!a.t.'l v<\an;sw; fA) for .varnmirsj! t^st 
st't of spreak^ sb'Ja S- , to K, v>U"s tbe !-chanr-^l f>) ot T\ ro~ uafn^niNS^ou 

tl^c H u^.CiYejs ujtbjr <* s[XT;t;e^^ ich sector SinsUarh . ,\ Q-rr-sarncs M^nrKn 672 
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serves jo combine the sei ot PN^, spread daf.;^ sigriaU; S^,,, i to N, \v!;.h u^e Q-channei 
piloi .l\v<- Digits; to analcg sD/A) convensns 674 innd 6'?6 ars- provided Rjr convening 
(he digitsl infoHTiarion from Ihe l-cha-^nel and l^s-chsi^.nd sui^inuTS 6~0 and 672, 
a^&pecdvely, inio analogs- form. The iULiioj- vvavefornis produced hy D/A coriveners 
5 674 and 67(S are proxided along wid) .iocal o.sciiiaior (LO) carfler frequencv signals 
CoSi2--Tft) and S-n(2-sft), respeeuxeiy. to r>i5Xc;rs 6S>; and tvyO where diey are mixed and 
provided lo summer 692. The quadraiiive pha^e carrier signals Sifi;'2 rfO and Co3{2s->*s;) 
sre provided fro;n suitable freqaenc}- hVlucc-s (n<,.n ?ho\v;v>. These mixed IF sUi;n$.is are 
sun-sViCd in 3i!n.n-er 6-:C' and provided to niixe? oV-l 

10 Mixer 694 mixes d}e siinsmsd signal v.]\h an RF frequencv signal twiv- 

frequency synthesiser 696 so as lo provide ireqisency sspeosHcrsior! lo ti;e RF ireqiieuc^ 
band. The RF sis'nai sncliides in-phass (I) ar-.d quadranire phase jQ) cosriponen-s. s-td 
.iS bandps^;?, nirere<5 by bandpass fsiJer and o^ifp^^^ s'^>" suipiifjer 6^?s), .'XnipUHer 
699 an\p|jf\es the band iiv^med Signal in i5ccorda?-ce vviih an iiMji-t gain cosnroi s.ignal 

IS from rransm.it power conuoi circ-ntry inot shown), ir 5iu.>uld be ufiderstood thai 
diftering tnipieraeniabonv. of the Rr transmitter 630 may en";ploy a variety of signal 
summing, snixing, fiiteringand amplificaooi"! techn.iqne,s j^oi described herein, but which 
are weli i;.no\vn lo ihose ii^ dne aft. 

FIG. ; 1 is s blvKk diagram of an e!?enip;ai's Pivcrsiiy rect-ver disprKsed to 

20 .receive ihe RF signal provided hy the RF uan.srniiter 630, In flG. \ \ the transmitted 
■RF signai i.s received hy antenna 7t0 and provuled lo a diversity KAKF. receiver x^\uich 
is comprised of analog receiver 712 and digiial receiver 714. The signal as receix-ed 
by anten.aa 710 and provided to analog receiver 7i^ jnay be comprised of nudhpaih 
propagations of the same pilot artd d?.ia signal* intended for individisa.i or n^uliip-le 

25 sitbscriber receivers. Analog receive^r 712, -A-lncij Is configured in Hie exemplary 
embodimenr as a f^>PSK modem;, frequency downconveris, ansi digiii'^es tlie received 
signal .mto compo,si5e i and Q ro?npuuents. The conipv^sv^e 1 and Q compoiient? are 
provided to digital receiver 714 for dem.oduiation, Tne demoduiaseu data is then 
provided lo digital circuitry 716 for com;binir\g„ deinterleaving arid decoding. 

30 Each I and Q component i^etput from analog receiver 712 may be con^prlsed of 

multipath propagation,? of an identical pilot and corresponding Infarmation signals. In 
digital receiver 714 certain muUipath propagations of the transmitted sigrml, as selected 
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by a s^^reter receiver 715 in comfeinairofi wiih a coatmlier 7i g, sirs each processed bY 
s dif&reni «e of muUipte data receivers or demoduiaiors ?2:0a-720C( wMcli are . also 
itsferred to as ■ ■fingers" , Although only three daia deniQcluIalinf fingers (desTOdulaiors 
720a-720c) are illysirateci m FIG, IL, it should be understood timt more or less fingers 

S may bs used, Fmni tlie eomposbe I and Q componenis eaeh nnger esinicrs, by 
•dsspreadrng,, tte I and Q componems Hi aad RQ of rbe pdoi and data signals 
ccjrrespondfag to a partlcidar paih, 

the I and Q eaoipoaents of die pilot sl|nal tor each tlager niay be said to tbroi 
a pHot vector, asid the i aitd 0 cornpotMnis of tbe l-cbaaoel and Q-cliannel data to forn^ 

10 a pasr of data vectors. In accordance wdb the dn'entioo, these i and Q cor^iponents of 
the pilot and data vectors are extracted from the received signal energy hi order to 
produce esmiiaies of tbe l-channel aad Q~chant^e!: data. The pilot signal is typically 
liansmilted at a, greater sigsaf stretigih than tbe data signals* and as: sucb tbe oiagnltude 
of die pdot signal vector is; greater than die received data signai vectors, Aecor«h:ngly, 

IS the pilot signal vector can be used as an accurate phase reference for signal processing. 
In the trati-smissiors process the pilot and data signals as transtnftted travel the 
sanie path to the receiver:. However, due to chansel noise the received signal wii! 
generally be offset from the transmitted phase angle. The formtdadon of the dot, he., 
scalar, products of the pdot signal vecroT with bchannel and: Q-chat^nel data signaf 

20 vectors are used as disclosed herein to extract the l-chanael and Q-ehannel data from 
the signed: received by the selected receiver finger. In particular , the dot product Is used 
to lind the inafnifudes of the components of the data vectors that are in pbase with tbe 
pilot vector by prpiecting tire pilot vectors onto each of the: data vectors, Otie 
ptxseedisFe fm exrracting the pilot, signal from the sSgnai enes-gy rteefved by the selected 

25: receiver finger Is described below mih reference to FIG,: S, md also in copending 
litiited States Patent Appbcadoti Serial No, Q7Mi SB4, iled Movember 24, 1992, 
entilled "FILOT CAI^RIER DOT FRODIJCI^ CIRCUFf , which Is assigaed m the 
assignee of the present invention, and wbieh is herein Ineorporated by referetioe. 

in what follows there will be described in detad the recovery Irorn ihe l -channel 
rransmiUesj data a single cosei-encods^rl substream, a(i), where 
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k >i,s-<.-ink''d that pnov k? tr>.^i">sor,a^>on to a j''' (PIG is) "N' rca-i^cr* dvoj :hc I d\h 



E ^c^) * 

1.0 

The: coJiiposue signal trajisffiiaed to thg; "N" receivers within a pgrilcylar cell is gives^ 
fey 



J-1 J-1 



Fo^r elMity of pj-eserilatsoJ^ k will fee assQi«ed thai the signal S|t) propagates over ati m^' 
triasrrsissioo palb fhej*^ receiver , which allows the sigsial EdM mceived thereby io 



where th« sigRsI l^(t) has a rasidsm plase shsii of relay vts ihe local r^fenee of tlw 
feceiver, sod nCi) denoies the inhererst signal interterence noise, 

letemng to the block diagramnmdc represcniadon of FIG, 12, the f' reed v-er 

5 is; seen to ioclude a set of "r" den-isduiadng. Ingers Yao disposed lo proeess the signal 
EjU) as received over "r" tmnsniission paths. The signal transmiaed over the 
pMh is passed ihmagh a, ban<lpass fiker having a transfer fanction hu). aod is sampled 
M limes t -kT.,.. where T^. denotes dte penod between syccessrve ehip.s in the assigned 
Walsl) wavefomv W^, These operations pmdnce: die I and Q projectlof^s R,j,, s, and Rj3„,.s, 

I.Q supplied to the m*' deiYiodektmg finger 720* where 

^Q^.k " "K/tlsinCM^ti'liCt) j .^^ = feisS Qcose 

where cones-ponds, to the delay associ.ated with the ni"* iratisoiisston paihi. and where 
die noise terms. N; and may he eharaeietl^ed as randosii processes of .gero. nieas and 

15 variance In accordanoe with the invention, estitnates of the sequence r(i|iransn5ltte<l 
over tiie TO* transmtssion path are derived imm the sampled prqlecdons and Mpj^j^ 
by the nf' receiver finger 720, 

Referring te> FIG, I3< there is shown a block diagram of the receiver ftnger 
Tap opemtive to process the sampled prqieetsons Mi,,,.;, and The receiver finpr 

ao 720 ineliides a d»modijIad<srs/despreading .artd pliase rotation circuit 740, as well as a 
phase esttmation m4 time tracking circuit T44. In accordance witiii the invention, the 
circdit 740 operates to demodulate the sampled projections R^^^j. md E^^i, by 
perfortiiing a first set of partial cortclatirsns using the. assig ned Walsh waveform artd 
F:H; sequence, and a second set ©f partial cornjlaticns asing the assigned Walsh 

as waveform Mtd the FN^^ se^juence, Each parti^ eorr elation, is perlbrmed over m interval 
of L/p Walsh chips, where L detiotes the .tength of the Walsh wav«^rm. W. used to 
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v>t the p^^ui.U conUdU^.VN *ht > Kx,Ji^d r\ n orcc fc^ p;ou dire iioi^ 

v<^n<\>.e\ U\it(^-in and Qh<i.5,-?i) o -tp t bv t<H' two; tlnjt TAf i iss ^niasc 

uf the "S'~ ;7 p-o or < a iJ 'no \d p oi vin.J ' u^ed p^--^ - 

vOt^ u^o^'' *o> p~^id! ho '^i r'ai' of ^x-^ ) \. ".Ade^ r * . =k n*^ n( "'^^ r?r^>^Jdcd 
15 to a i^^u'^■^^JC ccT^Dine "^Id (F'G 11) vvrn i :rc vjr''-! <,> cnsrbsrc "^i iv dcosv^r 
vaaahU,'5s iv.H'> <o puwceJ hi, nc ^tt -eu^i^i-T tlrjre'"^ Tiu art, 

w!>"e <i. li'MfJ jijd ntd .jv. tL. IN ^,>r {iu, jm,^^ 

k<\T! ng ^ iL> n r r 'sO' " > ^ won :o srJ > r >! > \ 

20 Tj,ic ot I 2"^^?- M!i \ Wz. £cnc'<. r<; ^ons t...ed ih> h >^ n .sms '^u 

tKTC^iM'- ilf^jxer "?20 fttM" r'douc^ P\ jti.r=i\'M'\ "'^)r> "^-P ior r^fOsics mo PN 
sfxjLcncjr to riuHr'iiv % 7*^?^ ^nd S''*" doc r\\ ee^^ x! w..- :o null pi {."s SO? aod si*^ 

2"^ n:jlt<rdor IH) xj' mjlnnl ct; \\ I ?N >%iton^f vit n%ihf li or ""^'J^ 6 A'\r PN^ 

t\ r>,, c^yLtijce at s. i^n^^sscr VM;h Jo isv.c aM„c v« r\u.!o^ e- KCM 

Tlx rssuhpPc,-. "'^^^ >x-d ^0\* oof.ebto i'se i-r^ ix>"KX .jL\kJ p-o ■"c5m'>0:, R j,„ ^ 

3U SCi>.|0i.r00 DS- 5si*^iii'K.t"\ R <^ <5 '^<,s,i. 4 5^"^"^^% s,rCMt ?10 tfe 

opcratiDn ur ^^vhich is U'scus-.ed bek^^- Sim^Uriv. tnc *iec,jo'Kc^ E^,,,^ , are 
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i4 tiv^\l\phc'\ SOO. ^{)2 ;uul ^<U4 are Jhen rsmside^l u> ( oncjpO'Wsng l-channei 
<sccu;nulitOT<; 5?;^* a^Kl '^\t\ O-ch^^rnd aocujouLaaTN Slii arc 8^0 >\cr-;n\ jiator.N 
^14, Sl6. 81S <ir.sJ SJO acrui^su.aic the jnp;;? -nformatiun oxt; i. p Wa;sn c.jpN \.^herx\ 

5 8iS >v,fl xr;> .^u oper,t?r^c Drudu.^^ pvii^.c co!>.\u;-->f^s \, , B and S d-ifu-^: 
c<^o'^ ot aio r' uaiT-.J (.i.ire;.vjaii SiVtrxdN i^-" u.'oi'-'l I p W.-J-".*- c-uosj; (s c , j> • ■ to 

ato pro\kif-'J to- ^cav e!cr.v 'ts v\1 h>'s through corr^spono'^rg NX^ifc;'^-: 

.'^^-i, ^.^0, S.'>^ s+C r-.i ;vv.;.-- c<; cL<^e'i fr<-^ iX'^rnMl.N -^pc^rs p^^vi; .^s-s at the 

prOih,;e;-d hv tr< J c!\Hir£: ao„\'5i' 9-14 ar-cl H|o <){ r\' co^-■l^,<)'5 the rr 

rorrc'au>>.^ ur.crval u).x\ he e\p-es\rJ 



P 

IS 

li teini understood thu ihe partial carrelaiians and B^, may be represefiied in 
totJstaiitlally simsMf manner, Eeferring to eqaaiofts (12) ai^d (I 3|, th& tenm j ™l 
m mMmmdy represent a« estimate of the "p" Im&gm values included witliisi the 
r«al sequence rCi) deflaed by eqiiatfcn (S), Retferrmg apin to FIG, .14, the phase 

2§ «stImatio« md time tmcking axmk 744 Ijickdes a pilot extractiop eireuit 850 for 
pmdisdng ptiot phase .siitials used in mai staking time alignment within Ite reeeiver 
fisier 720, Tfio plfet. eKtraetioa dicuit ESQ mdiMdm a ffin|tl|slkr 854 to which Is 
|?ro¥lded tlie outputs fmrs niisltiplim 79S as well as & mttltipiier gS6 &r 
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s«uit;plylr5g the outputs of ■nukiplim 8iK) arsd 804, T.he ciicu;! B50 further jncludes 
Walsh generaiorj* B62 znd B64 operaiive to supplv the Walsh xva\Erforms W, and W.,, 
respgcuvely, k> a uujUiplU,T 8(;6, The resuharu diurioduUiting wavetbrfr. W,Vv\, produced 
by ni^-hip'iier 866. appropriateiy HnK^-aisgned by virh.ie of the tuT^ing infora^atiOi-s 
5 provid^'d by circuit to Wali^h ge?\era{cn\s S62 ar^d 8^4. is provKkyJ to miutipiiers B6S 
and S70. The vvavesorsri WAV^. r:.. m\xh\p\k4 wuh Uh- oritpi.;t of nusUipher SS4 bv 
Kiuitiplier wtiiie nudtiplier 870 perfcrui.s 'J^e siu-jui operaiion in response lo the 
waveform WAV,, and the output provided by nujitipiier 856. 

The ouipLiis of nnd-iphsr-i 868 and 870 arc resp;.'cuveiy accu-nidated by mloi 

16 extracti-on acc-jnujlaiors 874 and 87?^ over an iiUervui ^eiec?-x;d lo ensure k't-ncmtirju q; 
an unbiased esbniste of the phase of the received pdot signa', in an sxernpjarv 
e\mbodorier;t Lhi; acc-urirdatusn interva; spans a tune period ot diirarion 2ft.., where as 
noitd above L, correspo-idi; to int.; Walsh syniboi perk-xi. Tnus accumu'adon unerval wijj 
geBe.rat]y take place over the tinse penod:-; of length "rL" ocxurrk^g smnieitiaiciv be.fbre 

.15 arid after t.ne time ai which it \s desired to esr-niate Vm; pilot phase. l1me ahanmeni 
berx^-een the outputs produced by accnrnidators B.t4, 8iP, 818 and B20 and Use outputs 
of pilot etxtraclion accunudators B74 and SSO is r.niuntahu-d r}y the delay elenienls 824. 
B26, 82B and 830. The ss^'nas delay ef.rected bv each of tiie etsiay eieitieTU-; 824, E2(x 
82B and B30 is chosen lo be of a durauon equivalent to the. unerval spanned by the "r" 

20 future WahUi symbols. Accordingly, in generating the pilot e.stu^iate con'espondin,^ to 
the .n"' partial eorreiations Aj„ and A^, a ssi o.i" data sainpies D,. where {I.-'pitn-ri 1 
< J < (L/pHr!"h.r), are accrurudated by tiie accunnnaiors 874 and B7g. 

The signals p.roduced by the pilot extraction accuuvalators 882 and 886 
corresiK->nd to I~chanr;ei and Q-channel projections of the pilot {Pj signal transaiitied 

2:5 over the nV"' path, and may be respectively represented as: 
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Referrsng to FIG, 14, the l-channe;- snd Q-Ciiajuu=:] projecijons of ilu; pik.u signal are 
each provided to both the l-channei phase rotiucr B50 and the Q cliannei phase rotator 
852, The f -chs.rjnei p.hase .rotator B50 prodvices a .seq',ier;ce of output daift vahies 
correspond h;g to a.n estuTiatc; of Use .sequence rtt) iranssnitUid over ihiC paih weighted 
S by the pilot signai The decision terni l,,inu genei'aied by \r\t hchanne! pisfuse 
.roTi5io.r B,>0 at the corichiSion of the if' correhit;on inter\;i! uiay be rer.iresefued a,s; 

- .Aj, * P.„ « co§(0) * .A,,, P sinm) ■■■■ i~ T r 

,p |T<j 



The sample combirsef 750 (FIG., 12 ) eofTsbities the l-chafmel decision tertiis 
J=«=l to r, pmdueed by the fingsr demodulators 720 during the r?* correMoft 
10 iu:te:rva! into a eomposite decision term aod eonihines the Q-ch,an:nel decision 
vajiahles Q^(j}, into a cosnposite decisjon term Q,,. The composite, deeision terras 
irsd Q,^ are serially ouiput by the combiner 750 as the sequences, 
1, ™ (Is, t,j, attd 

15 wl)ere the sisbscripls iudieate eofrespondence lo the ''p" symbol substreanis conibiued 
into the real sequence r<i). The composite deci.sion sequesices I and are provided 
to l-cb8«3iel ind Q-ehannel mnltiplexeri i70 and. 874, whioh r^spectivoly prodi^ee the 
paral.lel euiputs. 

1/ - a,, ,.,, l,f. and 

20 4^-c4.^.->Q/. 

In aocordanee with the invention, a set of esilrnates AjCi) of the input syGtbol streapB 
Ajp) ttij^smitred over tbe i-chaunel., where .1-1 to p, is iMerated by performing a 
deeonBlaiion of the decision seqeei^ce !. based on the coset codes itiherept within, the 
seciyenee r(i). Mom spec^ifi call y, an estimate of the i* syn^hol stream Aii) m mM& 
25 thypygh the iollowifig computation of the iitner prodoot of r{i) with the deci.8ion 

Whsm ti^ cteiot-es the n*^ terni, of tlie: coset eocle used to encode the 

:syi«bol stieam. The eomputatiots spw;if|ed fey eqitatiob (1 S| tdies ort the orthcjgonMity 



felween Ite c«sei: codes: used to encode the inpm mmbol steams, Ti 




for all j ^j.. For p > 4- equadon (18) may be .solved by pertorniing, for exaniple, a 
F^SI Hadam^lM Tmssferm .(FHI7 upon the upon the sequences 1/ pmyided m 
multiplexer 870 (FIO. 12). The symbol s^rgam estimates, are then deintedeaved and 
dmjdsd hi order to estimaie tfie tmjism«fed data,. 

I'he previous descripdo?^ of the |3m&rred embodimesirs is provided to ensble auy 
persou skilled m the art mgke or ase fee p^esem isiveiuion. Xhe varmus 
modifiijadofis to ttee embod.imetns will be readily apparent to feose skilled, in the .ari, 
aad the gerseric prmciples defined herssn may be app.bed 10 other embodi ffteats wimm 
the lise onnvefttive: faculty. Thus, fee preseu^ rnvefeion is not mfeuded be iimiied 
to the embodiments: shttwn herein bat is te be aceossled tlie widest scope consistent with 
lite principles «ad nisvel f ealtixtis disclosed herein. 



WHAT LS CLAIMED IS; 

1 , A immmnier for iYuxlularing an informauon signa; for j.rTir5smis.^ion in a 
2 spread spscirun^- C0Tr;fn*.;nicai!i,.)n sysie^)? conrj.>r-^;3r:-r 

m&;^ns for fkmLsluplexi^g said infornuHtjon <.5gn?,l iiifo firpA an(.; .second 

A'^de NO ?^ io prfVjsO ^ ti'st r^KNei e\cixl0s:i S'^sn.! 

8 means for gerterairng an orihogoiial liinotjon sigs^sl:; and 

means fm nsodnlating ssW tsrsi composde CGtisel-eoooded signal with ssid 

2, The tmTismitter of claim I fordier inckiding; 

2 means for genemdng a pseudorandom noise signal of predetersBined PN code, 

and 

4 means tbr «c;offibinini said, first mod ulaied dgnal witl? said pseudomndoTO noise 

ssgaal of predetermined FN code so as t0 |>rovide a firsi output sJiGal. , 

3, The transmi dor of claim i ftsrii^er incinding: 

2 means for demuitlpiexing said irsibrination signal inio tiiird and founh 

Snbsigpals, 

4 secor^d ffieans for comlsining said third snbsigdsi Witli a tli? rd cosei eode and for 

GonibijtiPg saM fbarth sufesignai with a fourth ooset code so as to produce a second 

6 composite coset-eftcoded signal, said first, second third and fourth coset codes deiag 
iBytuady orthogonal , and 

$ means for modulating said second composite: coset-encoded signal with said 

ord^ogdnal function signal in order to provide a second modnlated signal.: 



29 

4, The trjin.snur.rcr ofclasm 3, said iransn)iu.cr further inckuisn^.. 
2 means tor generating in-phase pseudorandora noise (PN.) and quanraturs.^ phase 

pseadorsjidon-i noi.se (PHo signals ot predeiijrsr-Jried PN cods-*, and 

sTiean? for combin'srig said PNj sigrial svhh said fjrst nKxi'.ilau^l signaJ provide 
an I output siaria^ and lor cs.sj55t)ining sviid f'Ng sigiKii witti ^aui second n'^odulated signal 
6 10 provide a Q ouipui signal 

r !i i'ifn« rn nluso u.^-u" ph .so carr-c s .s.v \ds a ^■*u\!cr>fK\i pn.^ v 

reSauo'5shK> j;, .\an I <)nd Q Ootn^n s?^;vvs ;j<p-,Mue:s 

6. Tlie transmitter of clami 1 wherein said fiot means for cornisining incliides; 
2 first means tbr replieapjig :8a5d first sabsignal into first and second identical 

symbol streams,, 

4 first meajts tw multiplying each of said symbol streams by a coset code 

ooeHdeM of said first coset code in order to provide fsrsrand second InterrKediate 
6 seqpeneesj 

a fet nuddpiew Ibr cotnbirjing said first and second intermediate sequenees 
B. rtrto a first eoset-mcoded signal , 

second meass tor replicating said second siil>signal, inio tirird and fourth identical 
10 symbol streams, 

second tni'ans ror rnuHiplying said third and foiuti! syn^iboi streams by a coset 
(2 code coefficient of said second coset code w order to provide third and foanh 
intermediate sequences. 

a ^ecOisd multiplexer tor cosnbinmg sasd nifC asKi ronrth irucr.ncdiate sequence;- 
Inio sai<! f:r,->' cosct-cncodixJ signal , and 
16 vM'^s>i for con'ibinmg said fnsi ^and second co\ei-er;COded ssgn^d^s itvio Nani fks* 

con^|xj$its~encoded: signaL 

7. Tbe Iransniitter of claim I ^lierern said pieans tbr combining said first and 
2 seeood poset-erieoded signals includes means fox converdng said first and seeond 

eoset-encoded signds Inio integer values selected from a set of integers rncludirsg -f 1 



A (ranstTutKT Uiy modulating ;i or p snibrrnafir-r: 3ig!UU<v of equrvaien? data 
raie for shriuUsne-fr.-.s uan^-nss^son ;n a spread 'spectru-V! ccsmmunicafson ■^vstem* 
comprising:: 

^su.'^'iv- tor con Pn.^ni? sa;d , joset ericoacc ,N:gra!,s ar.Ll fx'- irr.wrato^j: acompo^sie 
cosei^encoded signal:, 

miSJfiS fer gefieralmg an orthogonal function s:%«ai- and 
meaBS for rnodulatmg M composjts cojset-encoded signal with said orthogonal 
fiinotion :sigoai io isrder to provide :a first niodDlated s:s|naL 

9. Tlie transffiitter of claim 8, said transrniitor furtfer inciijding; 
«?s^?s for genisrating a pseudorandom ooiso signal of predeierminod FJM code, 

4 stieans for oambsnlrsg said modulsied sigRa! with said ps«:>.idofa5\dom noise signal 

of prisdoterniined code so as to provide a first output signal 

i0:<. The transmitter of claim 8 wferein said means for combining $aid 
2 iRlbrmation slgnsls with Mid co&et codes irtclodes: 

sneans for replieatirtg a firs! of ssid ittformatioR sigpais into a set of p identical 

4 .symbol streams, 

tvioans for midtiplying each of said svTnbol streanss by one of a set of;; cosei 

5 code, coeffieients inciuded within a first of said coss.1 codes in order to provide a set of 
|3 miertiirsdiato scqwences, and 

1 :a tnuttiplexer for combiBit^f said inteTmediaxe sequenees imo a first of said 
ooset^encoded signals, 

IL The transrtti iter of claim 5, said tfansptitter further induding it?eans for 

2 teHsmittirjg said I-modalaled and :said Q-modulated carrier signals over I a»d Q 
Coma&pjcatlost, cliaspeis, respective! 
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12, A spread spectrum communicadon system for snoduiaurig an iritbrmatjou 
2 signal to be trarssmitted on sn-phase (I) arul qusdrature pisase (Q) usiny a carrier signal 

arsd a repHca of said csrrisr signal in phi^se quadrature t'ner£'xvitn, ssul systern including 

4 a iran;inistier cornprisir^g; 

means tor ciei'ouiupk-.xing saul intoriViation s-gna! inio first and sccu-k! sets of 
6 subsignals; 

in>.'UK ioj conU)nin>^ c-au' set 5!jDs!,£n<ii* 5th a u'\. ^et >>: ufiJ^ogou.,' 

5 cosct >:odes lo produce a f^st co^^h'-^'^^'"- coNti-cr.cod.'d cijnc.i, aad tor cor-Dunng sa\! 
stv\nd v' ^.'^^>gna^ j sc^.oid i>ct o ^■;;:ri;ooai ca^o' c.--ccn \-, ^c- yv^u^v 

;nc<r s t.-^i <;erofaiu"J v>rr o^,^^'^^" r^x'sor \gra! 

n^.c-Ti'iS tor £x"->~"!,'r?^t.ag in-ph'is!.' :>se<.;oorji!K>"S!i rtUM- ip\p ('u,tdrA'»~v phdv- 
p,\eu<.kir\;!do!n 5Knst: U''--^^* \;^i;Ui\l<. ut p;^:^:^cicr^^"!■u^.<: V\ c^sOC^, d.u(l 

\4 iT.cuns fu! c>>n5lvjKng ^aist PNj ssi'r^.a' voTh saul fisM co;npo,^;c ^\^;-e' trUL-or-cJ 

^igArti and s<i;u orthogon<ii :tT^ct5^n MgTuii to pn>\!dc jrs 1 snoduiaucr ssgncJ, wTK^ tor 

lo <.-05nHjriis£; sa^l PN,^^ ^vgna! \\;th saJ second con^^o^~le cosct-etivoovx:; sa'n-j jnd sa;d 
onhogonv^: tunctiun ■■'(g.iJ \! pfovscc a Q ^r^ocuiatio's S!«?na; 

13, The sysfOT of claim 12 lunhef inckiding; 

2 means for mod«lSiiT5g said carrier signal with said I nwduiatton signal smd for 

moditlatMg said rspiica of said oatxier sigfial with said Q modtilation signal ijrorder to 
4 provide I-modulated awd Q-moditfated carrier signals, rsspsjctiveiy, and 

tneans for transmitting said l-modalated aiid said Q-moduiated carrfer signtls 

6 mm said I asid Q como^sjinioaiiofi cbantiels, 

14, The system of daioi 13 fttrtlier isicludlsg: a receiver corj^prising; 

2 mmris for prodiicirig an estimate of said information sigBal in :aecorda?5oe: witl> 

said l>-modPlated and O-nwdiilaMd carrier signals received over said I sisd Q 
4 oorriin iinicatiop cl^anneis . 

15 V The commimicatioa system of claim 14 wherein said receiver further 
2' Ittciisdes nitons for prodncieg iatersTsediate meelved signals by d«;mQdnlatkf s^id 
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recfnrd -.-^rfsc s.^r^'" us;ng of > . '-srJHi,fn-i ^'f 

16. TIte commynicadoa system of claim 15 wliere\?i said m^elver nmher 
2 inciuiies: 

mesBS for gesieratlng a firsi despresclmg ssgTml t^y replicgtini said P-Nj signaL 

4 and 

first sT?eaT)s for oorrglaiirfg said Ifitermedjate pceived signais iisilig said first 
6 despfeading signal in order to provide a Em set of ip-phase CI) and £|uadramfe phase 
(Q> pfoieciioT) signstls. 

17. The commarsioslion system of claiip 16 furTher including; 

2 means for combining said «nhog0?M! mnction signal with a: pilol ssgnil in oixler 

to provide t «3C5di;slated pilot signal, 
4 mea«s fbr transniiffifig said :modulaLed pilot signal over a pllor chanoel. 

18. Ti-se eqn^muiiicadon system of claim 17 wherein mid receiver further 
2 kekdos; 

meajts for demodulating said modulaisd pilot sigiial transmitted over said miol 
4 dhannoL 

trseans fer pi^dyait^g ast estiffiaie of said pilot signal transmitted over said pilot 
6 clTaftr^el- 

first phc.si' ixUixtkm msAin for generating said esti?Tia?e of said titst information 
§ signal or. the basis of said first set of said I and Q projections and said estinuue of ssid 
pilot carrier :sig?^ai< 

1.9. The oommpnieadoo system of ciatm 18 wherein said reeeivier funher 
2 inciades: 

meads for generating a second despreadipg signal by replioadng said Flsl^j signal. 

4 ajid 

^cond means for correiatmg said mtertrjedMie m^eived sigPals tising said second 
6 tfespreadittg signal iti order to provide a second set of In-phase (I) a:nd qaacit^Prr^ phase 
CQ) |sr#ectiori signals. 
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20, The coautv.iaicadar^ sysien; of clahn 19 wherein said receher tuni";er 
2 includes second pha^e rotation nutans for gEinerating an estimate of saki Nieoond 
inforsrudion signal on the basis of said second ^;et of I aiKi Q projections and said 
4 est.iiTiSK of said jratv^niitted pilot carrier signal . 

21.. Tbs commankatlop sysierp of aiaim IS wherein said receivof funlver 
2 kclndes meMs for delaying said first set of 1 ar^d Q prqiectien signais, 

22, A method for modulating an infbrmatloft signal for transiTUssion in a spread 
2 spectrum ootim^rintcatjon system, compnsijig the steps of; 

demultipfexirig said ififormalion signal into first and second, subsif rials; 
4 cotrsbining said fim siifeslgnal with a first cosel code and combiriing said second 

sub signal witli a second ooset cotie ort i)Ogor»a! to said first, coset. code so as produce 
6 a first composite coset-encoded signal; 

generating an ort|^o|on.sl ftinctbn sigrsal; atid 

1 rn«dulMl:ng :said ^rst composife cosef-escoded signal with, said oftbogonal 
function signal in etxler to provide a first modiilated .signal., 

23, Tlie method of claim 22 further isclydirig the steps of; 

2 generating a psetidorandotti poise siinai of predetsrtnioed codo. and 
copiMnlng said first niod^lated sipal with said pseudorandom noise signal of 

4 prtdetof mined. FN code so as to provide a first otitput signal , 

24, The nie^tiod of claut^ 23 further inchidlng d^e steps of; 

2 demultiplex ir>g said information signal huo third iind fourth subsigtsals, 

corobirnirig said third snbsignal wld-i a rhird cosisr code and combining said foixnh 
4 subsignal with a fourth coset code so as to produce a secorid composite cosei-cacoded 

signal, said first, second third and fomiii cosot codes beis^g nn.itnallY ortnogonai, J^nd 
I modulating said second composite coset- encoded signal wnh said orthogonal 

function signs! it^ order to provide a second mcKlulated signal 
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115. The mcth.od of chvirn 24 hmhcr )ncbiihn^ she os". 
2 gersexaung ui-pha.se p<;eiidon\n<1on^ iH'ke (r'N;) ^^nd qinulnxture phase 

pseudorandon\ noise (PN\>) signals of predessrinnsned PN codes, arsd 
4 Ci.jr<;bi fling said FN, -jignH; with said firsi m(idui;itc<.l Signal lo provsik an 1 iyuipMi. 

S!iin;^K iiud Cf-)5nbining said l-'TC signal with sa^sd 5f;cond niookj;at.e.d signal to provide a 
6 Q outpul S!g:n:aL 

26. A method for maduladsig a set of p InfermatiosT sigaals of equivalent dara 
2 rate for simulianeous transmission in a spread speetriini conimueicadon system, 

comprising the: steps of: 
4 combinmg each of said information signals : wiih one of a set of /? ooset codes to 

produce a set of p «osei:-iat^coded. signals; 
6 combining said mmi^m&sd^ signals and. so as to genemie :8 compositie 

iiosei-eacoded. sigtml ; 

E modalating said cotnposiie coset-encoded signas with an ortliogtsnal function 

MgBal in order to provide a ftrfl roodnlaled sigtial 

'C" [i a "iU ' .'i.!L>^s ,rpKI\5 c ' aK?no', n a 

rset* lo f.> .^wrsr^ f pha^^. \h aru ua.^ou\!.,c o;\isc R^O sp^.^^ sxOv".' i 
co-ntivmn cnanrc.^ -^s^f ■J>/n.ch ^5 ra^v, u«\xi M5*of ^\*'Oii di, -d\< irarxx 
4 c^msp i^M!^ xi't s:cn^< of 

df"ruitipie\r^£ is^^.^O ^f^tma^o'i ^igia i> *c< fr< >uh .i.^nu. v?-- o^ ^a^S5gnx^\, 
t, coo-bn-rc ^v"\? frst set snlxsv^uxK o.^m a vf >v orh(\::)i^n'J oo^t". d<.N 

pRH.^i ir i t:i\i con JCMU cov^* ci^codoi- s ^ .! anc t.^- u v«c ss?c(cg j<cH of 
h vi^^Vi r><t 5i t . a se-'o-'d s^, crJ^v^>-a- covn cxice\ ^ .-s lo »Moca„o a scv<m>^ 

rorifo^'t-.^ c.'ssta c^.c^-Uio \ 
ir -"^v. <v,;a:r'>j; v'^ i.cr.,o!do n ao sPN ; ii'^^^ v\a4"'.Uf>' r'i.^v 

p^ondor.nuon^ uosnc ^PN^^^ s f raK ot p ei:eL--! amcd P\ iodCN, ar*.. 
;2 cor.^x'nng n^jo FN, venal \ur-> Mid tv\' coripc^ac Cv->^Ov-eac(Kk>i, Mg^-<al aac an 

orthogonal t^r cnun 'sjgna. lo p'.^v^d« aa ( r-o^Hdatio.-; vijsi^'i anu ^omnintrg viid VK^ 
lA stgna- ^ilh sajo ^stcond composite tosu enu>dt;u signal ^"".d !sa.\1 onho^ona' Usn^ia^r 
s:s;nrd to nrovkle a Q non dauon sjgnaL 



3S 

2??. The fT^ethod of claim T/ f).;;ib,e5- snciiiuiog the steps of: 
2 modulKiing sskI carrier signal with, sau-f 1 irjoduiation signal aad modalatbxf; said 

repHiL^ii oi Siiid carrier Xigna! xviui said Q modidaiion signa; in order ?o provide 
4 l-modu1aied and Q-mod^dared carrier signals, respeciive.ly. and 

■ransmiunsg sasd l-n-odiiiiVied an.d said Q-modidared carrier signals over said \ 
6 and Q c(»sr!fnnnica?ioii channels, 

29, Trie sncrhod of ciaini :;B furfn^r :ncluds!;j die step ot axdvnn-; said 
2 l-modulaied and Q-nxxiuialed earner signais n-.-.riSiniited over sixid \ and Q 
conimunication channeb, and for producirsf; an estimate- of said n^forn.ation s^gnas sn 

30., The. Etetlwd of clairn 29 wherern .said stssp c^f predadtig a« estimate of said 
2 &lbrmstion, signal isclirdes this step of dsjmodul ating said received earner signals ysi.tig 
isplicas of said orttegoaal ftMetiosi :ri§nal, said PN^ rignal afid said FNy slgaai.. 
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